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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE SAME

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2009-061512,
filed on Mar. 13, 2009, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a semiconductor device,

and a method for manufacturing the semiconductor device.
2. Description of the Related Art

An SAC (Self-Aligned Contact) technique has been con-
ventionally used to form contact holes. The SAC technique
climinates the need to provide an alignment margin between
a gate electrode and a contact hole. The SAC technique 1s thus
used as a method suitable for miniaturization.

The SAC technique generally uses a method utilizing the
high etching selectivity of silicon oxide and silicon nitride.
According to this method, a silicon nitride film 1s formed on
the top surface and side surfaces of a gate electrode (in this
case, the silicon nitride film on the side surfaces of the gate
clectrode forms sidewalls). Then, etching 1s carried out using
the silicon nitride film as an etching stopper, to form contact
holes 1n a self-aligned manner.

Japanese Patent Laid-Open No. 10-1634777 discloses a
technique to grow a single silicon layer on an impurnity diffu-
sionregion by a selective epitaxial growth method. This tech-
nique reduces the aspectratio of the contact holes and thus the
etching amount of oxide film dry etching. Thus, a decrease 1n
bottom diameter 1s avoided, and the short circuit between a
contact plug and the gate electrode 1s prevented.

SUMMARY OF THE INVENTION

In one embodiment, there 1s provided a method for manu-
facturing a semiconductor device, the method comprising:

forming an impurity diffusion region 1 a semiconductor
substrate;

forming a first layer on the impurity diffusion region by a
selective epitaxial growth method;

forming a second layer on the first layer by the selective
epitaxial growth method;

forming an interlayer msulating film all over a surface of
the semiconductor substrate;

forming a contact hole penetrating the interlayer insulating
f1lm 1n a thickness direction thereof and reaching the second
layer; and

filling a conductive material into the contact hole to form a
contact plug including the first and second layers and the
conductive materal.

In another embodiment, there 1s provided a semiconductor
device comprising;:

a semiconductor substrate;

an impurity diffusion region provided in the semiconductor
substrate; and

a contact plug including a first layer, a second layer, and a
conductive material region provided on the impurity difiu-
s1on region 1n this order,

wherein the first and second layers are formed by a selec-
tive epitaxial growth method.

In another embodiment, there 1s provided a semiconductor
device comprising:

a semiconductor substrate;

a diffusion layer formed 1n the semiconductor substrate;
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2

a first epitaxial layer formed on the diffusion layer, the first
epitaxial layer comprising a first bottom surface 1n contact
with the diffusion layer and a first top surface which has a
smaller area than the first bottom surface; and

a second epitaxial layer formed on the first epitaxial layer,
the second epitaxial layer comprising a second bottom sur-
face which has a larger area than the first top surface and
which 1s 1n contact with the first top surface, and a second top

surface which has a smaller area than the second bottom
surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will be more apparent from the following description of cer-
tain preferred embodiments taken 1n conjunction with the
accompanying drawings, 1n which:

FIG. 1 1s a top view showing an example of a semiconduc-
tor device according to the present invention;

FIGS. 2A and 2B are diagrams showing the example of the
semiconductor device according to the present invention; and

FIGS. 3 through 15 are diagrams showing a step of an
example of a method for manufacturing a semiconductor
device according to the present invention;

In the drawings, numerals have the following meanings. 1:
semiconductor region, 2: 1solation region, 3: gate electrode,
4: sidewall, 6, 7: contact plugs, 11: semiconductor region, 12:
gate insulating film, 13: 1solation region, 14: gate electrode,
14a: polysilicon layer, 14b: tungsten nitride film layer, 14c¢:
tungsten layer, 14d: silicon nitride film layer, 15: first side-
wall, 16: silicon layer, 16a: first silicon layer, 17: second
sidewall, 18: second silicon layer, 19: interlayer insulating
film, 20: contact, 21: contact plug, 22: impurity diffusion
region, 23: contact hole, 31: upper electrode, 32: dielectric
f1lm, 33: lower electrode, 34: interlayer insulating film, 35: bat
line.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

The mvention will be now described herein with reference
to 1llustrative embodiments. Those skilled 1n the art will rec-
ognize that many alternative embodiments can be accom-
plished using the teachings of the present invention and that
the invention 1s not limited to the embodiments illustrated for
explanatory purposes.

FIG. 1 1s a top view of an example of a semiconductor
device according to the present invention. FIG. 1 shows a
DRAM (Dynamic Random Access Memory) that 1s a semi-
conductor device. In FIG. 1, capacitors and bit lines are omit-
ted.

A semiconductor device 1n FIG. 1 comprises semiconduc-
tor regions 1, 1solation regions 2, gate electrodes 3, sidewalls
4 provided on side walls of each gate electrode 3 and formed
of silicon nitride film, and contact plugs 6 and 7. In FIG. 1,
first sidewalls and second sidewalls are collectively shown as
sidewalls 4. Furthermore, contact plugs 6 and 7 schematically
show the positions of the contact plugs on semiconductor
region 1 and do not exactly correspond to the sectional shape
of contact plug 21 1n FIG. 2 described below.

As shown 1n FIG. 1, a plurality of semiconductor regions 1
are regularly arranged on the semiconductor substrate. Semi-
conductor regions 1 are partitioned by isolation region 2.
Furthermore, a plurality of gate electrodes 3 are arranged so
as to cross semiconductor regions 1. Gate electrodes 3 func-
tion as word lines for a DRAM. Additionally, impurities are
ion-implanted in a part of each semiconductor region 1 which
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1s not covered with gate electrode 3, to form an N- -type 1mpu-
rity diffusion region or a P-type impurity diffusion region.
The impurnity diffusion regions function as a source and drain
regions of a field effect transistor.

Furthermore, a part of FIG. 1 enclosed by dashed line C
forms one field effect transistor. That 1s, a channel region 1s
tormed 1n a part inside dashed line C which 1s shown by thick
line S. Thus, two field effect transistors are provided in one
semlconductor region 1. Additionally, the two field effect
transistors share the source or drain regions. Other semicon-
ductor regions 1 are similarly configured.

FIGS. 2A and 2B are sectional views of the semiconductor
device 1n FIG. 1 taken along direction Y-Y' and direction
X-X', respectively. As shown 1n FIG. 2, three N- or P-type
impurity diffusion regions 22 are provided 1in semiconductor
region 11. On a part of semiconductor region 11 sandwiched
between adjacent impurity diffusion regions 22, gate msulat-
ing film 12, gate electrode 14, and silicon nitride film 144
(corresponding to a first insulating layer) are provided 1n this
order from the side of semiconductor region 11.

Gate electrode 14 has a three-layer structure including a
polysilicon layer, a tungsten nitride film layer, and a tungsten
layer laid on top of one another in this order from the side of
semiconductor region 11. Furthermore, two layers of side-
walls 15 and 17 are provided on the side surfaces of gate
clectrode 14 (sidewall 15 corresponds to the first sidewall,
and sidewall 17 corresponds to the second sidewall).

The field effect transistor comprises gate insulating film
12, gate electrode 14, source/drain region 22, semiconductor
region 11, and the channel region corresponding to a part of
semiconductor region 11 sandwiched between a pair of
source and drain regions 15.

A constituent maternial for the gate msulating film 1s not
particularly limited and may be, for example, a silicon oxide
film (SI10,), a silicon nitride ﬁlm (S1,N,), a silicon oxynitride
f1lm, or a stack of these film, or an oxide containing hainium
(H1). Other examples of the gate insulating film include metal
oxide, metal silicate, and a high dielectric-constant insulating
film comprising metal oxide or metal silicate doped with
nitrogen.

The “high dielectric-constant insulating film™ refers to an
insulating film with a higher relative permittivity than S10,,
commonly utilized as a gate insulating film 1n semiconductor
devices (510, has a relative permittivity of about 3.6). Typi-
cally, the high dielectric-constant insulating film has a rela-
tive permittivity of ten to several thousands. Examples of the
high dielectric-constant insulating film include HiIS10,
HiS10ON, HiZrS10, HiZrS10N, ZrS10, ZrSiON, HIAlO,
HTfAION, HiZrAlO, HiZrAlON, ZrAlO, and ZrAION.

Furthermore, the gate electrode may comprise a plurality
of layers as described above or a single layer. If the gate
clectrode 1s a stack, the gate electrode may comprise conduc-
tive polysilicon, metal, silicide, or a stack of these matenials.
The conductive polysilicon can be obtained by mixing impu-
rities into polysilicon. In this case, the impurities preferably
have a concentration of 1.0x10°° to 1.0x10*'/cm”. Examples
of the impunties may include phosphorous, arsenic, and
boron.

Additionally, a matenial for the gate electrode may be sili-
cide. Specific examples of the silicide may include NiSi,
N1,S1, N1,51, N1S1,, WS1, TiS1,, VS1,, CrS1,, ZrSi1,, NbS1,,
MoSi1,, TaS1,, CoSi1, CoSi,, PtS1, Pt,S1, and Pd, S1.

Impurity diffusion region 22 1n semiconductor region 11 1s
clectrically connected to contact plugs 6 and 7. Contact plugs
6 and 7 partly comprise first silicon layer 16a (corresponding
to a first layer) and second silicon layer 18 (corresponding to
a second layer) formed on first silicon layer 16a. Moreover, a

10

15

20

25

30

35

40

45

50

55

60

65

4

conductive material 1s formed on second silicon layer 18.
First silicon layer 16a, second silicon layer 18, and conduc-
tive material form contact plug 21.

First silicon layer 16a 1s formed by the selective epitaxial
growth method and 1s 1n contact with sidewall 15. Further-
more, stdewall 17 1s further formed on sidewall 135 positioned
over first silicon layer 16a. Second silicon layer 18 1s formed
by the selective epitaxial growth method and 1s in contact with
sidewall 17. That 1s, one layer of sidewall 15 1s present
between first silicon layer 16a and gate electrode 14. Further-
more, two layers of sidewalls 15 and 17 are present between
second silicon layer 18 and gate electrode 14.

Sidewalls 15 and 17 may be formed of the same material or
different materials but need to be made of an insulating mate-
rial. A matenial for sidewalls 15 and 17 may be a silicon
nitride film.

Thus, the provision of sidewalls 15 and 17 allows first
silicon layer 16a and second silicon layer 18 to be prevented
from being short-circuited with gate electrode 14. Further-
more, the provision of silicon nitride film 144 (first insulating
layer) allows the conductive material forming the contact
plug to be prevented from being short-circuited with gate
clectrode 14.

Moreover, when second silicon layer 18 1s formed on first
silicon layer 16a, the silicon layer 1s also formed on the
sidewall of first silicon layer 16a. Here, in the present
example, first silicon layer 16a 1s protected by sidewall 17.
Thus, silicon can be prevented from being formed in the
lateral direction of first silicon layer 16a. As a result, first
silicon layers 16a arranged adjacent to each other 1n a direc-
tion (direction X-X' in FIG. 1) parallel to the direction in
which gate electrodes 14 are arranged are prevented from
being short-circuited with each other.

In the semiconductor device in the present example, two
silicon layers 16 a and 18 are stacked on impurity diffusion
region 22. Thus, the silicon layer can be formed to be thick
(high) while being inhibited from growing 1n the lateral direc-
tion. Hence, when contact holes are subsequently formed on
the silicon layer by SAC etching, the etching amount can be
reduced to increase a margin required to prevent contact plugs
6 and 7 from being short-circuited with gate electrode 14. As
a result, further mimaturized semiconductor device can be
obtained. Furthermore, the time for which silicon nitride film
144 (first insulating layer) 1s exposed to SAC etching can be
reduced. Consequently, contact plugs 6 and 7 can be pre-
vented from being short-circuited with gate electrode 14 as a
result of degradation of silicon nitride film 144.

At least three layers (for example, at least three silicon
layers) may be provided on impurity diffusion region 22. The
provision of at least three silicon layers enables a reduction in
the depth of the contact holes and thus 1n aspect ratio. As a
result, the margin required for preventing short circuiting can
be increased, allowing miniaturization to be more effectively
achieved.

The conductive material formed on second silicon layer 18
may contain at least one type of metal selected from a group
consisting of tungsten (W), tungsten nitride (WN), titanium
(T1), titantum nitride (TiN), tantalum (Ta), tantalum nitride
(TaN), cobalt (Co), copper (Cu), aluminum (Al), copper
alloy, and aluminum alloy.

In FIG. 2A, two drivable field effect transistors are present
for one semiconductor region 11 and share the source or drain
regions located halfway between the field effect transistors.
The central source or drain regions shared by the two field
clfect transistors 1s electrically connected to bit lines via
contact plugs. Furthermore, each field effect transistor
includes the source or drain regions on the respective opposite
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sides thereof. The source or drain regions arranged on the
respective opposite sides of the field effect transistor are
clectrically connected to capacitors via contact plugs.

Each of the capacitors 1s formed so as to sandwich dielec-
tric film 32 between upper electrode 31 and lower electrode
33. Charges can be accumulated 1n dielectric film 32. The
accumulation of charges allows information to be written.
Then, turning on the field etfect transistor shown in FIG. 2A
allows determination, via bit line 35, of whether or not
charges are accumulated 1n the capacitor. The determination
of whether or not charges are accumulated allows information
to be read. The field effect transistor and the capacitor form a
memory cell for a DRAM (Dynamic Random Access
Memory). FIG. 2A shows two memory cells.

With reference to FIG. 2, the semiconductor device with
the DRAM has been described. However, the semiconductor
device according to the present invention can be used for
applications other than a memory cell for a DRAM. For
example, the above-described field effect transistor, contact
plug, and bit line can be combined with a storage element that
utilizes a variation 1n resistance value, to form a memory cell
for a phase change memory (PRAM) or a resistance memory
(ReRAM). Specifically, the phase change memory may be
tormed as follows. A chalcogenide material (GeSbTe), which
has a resistance value varying depending on the phase, 1s used
to form a storage element by well-known means. The storage
clement 1s connected to one of the source and drain regions of
the field effect transistor, whereby forming the memory cell.
Then, the state (resistance value) of the storage element can
be determined based on the value of a current flowing while
the transistor 1s on.

Now, a method for manufacturing the semiconductor
device shown 1n FIGS. 1 and 2 will be described with refer-
ence to FIGS. 3 to 14. One of two figures included in each of
FIGS. 3 to 14 which has reference character A shows a part of
the semiconductor device which corresponds to a cross sec-
tion taken along line Y-Y' in FIG. 1. The other figure with
reference character B shows a part of the semiconductor
device which corresponds to a cross section taken along line
X-X"1n FIG. 1.

First, as shown in FIG. 3, STIs (Shallow Trench Isolations)
were formed on the silicon semiconductor substrate as 1sola-
tion regions 13 to partition transistor formation region 11.
Then, transistor formation region 11 was oxidized to form
gate msulating film 12.

Then, as shown 1n FIG. 4, polysilicon layer 144a, tungsten
nitride layer 145, tungsten layer 14¢, and silicon nitride film
layer 14d were stacked on gate insulating {ilm 12 1n this order.
Thereatter, silicon nitride film layer 144 was processed by a
photolithography technique to form a mask pattern of silicon
nitride film layer 144. Tungsten layer 14¢, tungsten nitride
layer 145, and polysilicon layer 14a were then dry-etched
through the mask pattern of silicon nitride film layer 144 as a
mask. Thus, gate electrode 14 comprising polysilicon layer
14a, tungsten nitride layer 145, and tungsten layer 14c¢, as
well as silicon nitride film layer 144 (corresponding to first

insulating film) were formed on gate insulating film 12 1n this
order.

Then, as shown 1 FIG. 5, impurities were implanted in
transistor formation region 11 by an 10n implantation method
through silicon nitride film layer 144 and gate electrode 14 as
a mask. An impurity diffusion region (n) with a low impurity
concentration was thus formed.

Then, as shown 1n FIG. 6, a silicon mitride film was depos-
ited all over the surface of transistor formation region 11 by a

CVD method or the like, and then etched back by dry etching
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to form sidewalls 15 (corresponding to the first sidewall) on
the opposite side surfaces of each of silicon nitride film layer
144 and gate electrode 14.

Then, as shown in FIG. 7, impurities were implanted by 1on
implantation through silicon mitride film layer 14d, gate elec-
trode 14, and sidewall 15 as a mask. An 1impurity diffusion
region (n™) with a high impurity concentration was thus
formed. The impurity diffusion regions (n™) and (n™) function
as a source region and drain regions.

Then, as shown 1 FIG. 8, gate msulating {ilm 12 on the
impurity diffusion region (n*) was removed by wet etching or
the like, and first silicon layer 16a was then formed on the
impurity diffusion region (n*) by the selective epitaxial
growth method. Conditions for the selective epitaxial growth
method are as follows.

Temperature: 730° C.,

Pressure: 10 lorr,

Gas flow rate: H, 19 slm, SiH,Cl1, 70 sccm, HC1 40 sccm, and

Treatment time: 450 sec.

A target value for the thickness of first silicon layer 16a was
equivalent to the dimension of the space between gate elec-
trodes; the thickness was set to 60 nm for the above-described
treatment time.

Then, as shown 1 FIG. 9, silicon nitride film 17 (corre-
sponding to a second msulating layer) was deposited on tran-
sistor formation region 11 to a thickness of, for example, 10 to
30 nm by the CVD method or the like.

Thereafter, as shown 1n FIG. 10, silicon nitride film 17 was
etched back by dry etching so that the side surface of sidewall
15 was covered with silicon nitride film 17. Thus, sidewall 17
(corresponding to a second sidewall) was formed on sidewall
15.

Conditions for the etch-back were as follows.

Pressure: 50 mlorr,

RF: 600 W, and

Gas: CF, 100 scem.

Thus, when second silicon layer 18 1s formed, silicon of
first silicon layer 16a can be prevented from being formed 1n
the lateral direction. As a result, first silicon layers 16a
arranged adjacent to each other 1n a direction (direction X-X'
in FIG. 1) parallel to the direction 1n which gate electrodes 14
are arranged are prevented from being short-circuited with
cach other.

Then, as shown 1n FIG. 11, second silicon layer 18 was
formed on first silicon layer 16a by the selective epitaxial
growth method. In this case, treatment conditions were the
same as those for first silicon layer 16a.

Thereatter, as shown 1n FI1G. 12, BPSG (Bror-PhosphoSili-
cate Glass) was deposited all over the resultant surface. BPSG
was then thermally treated to form interlayer imsulating film
19. Simultaneously with the thermal treatment, the 10n-1m-
planted impurities were also thermally treated. The thermal
treatment steps for BPSG and impurities need not be carried
out together but may be separately carried out.

Then, as shown 1n FIG. 13, a resist mask (not shown in the
drawings) was formed on interlayer insulating film 19 by the
lithography technique. Thereafter, SAC dry etching was car-
ried out using the resist mask 1n such a manner that interlayer
insulating film 19 had a higher etching selectivity than silicon
nitride film layer 144 and sidewalls 15 and 17. Contact holes
23 were then formed so as to expose second silicon layer 18.
In this case, as shown 1n FIG. 13A, the contact holes were
formed 1n a self-aligned manner with respect to second sili-
con layer 18 provided between the adjacent gate electrodes.
The mask for the SAC dry etching may be a stack mask of
polysilicon and amorphous carbon and the like. Furthermore,
the SAC dry etching may be carried out using fluorocarbon
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etching gas such as C_ F, C,F,, or C.F, under, for example,
the following treatment conditions.

Pressure: 30 mlor,

Gas flow rate: C.F;/O,/Ar=25/20/500 sccm,

Source RF: 2,500 W, and

Bias RF: 2,500 W.

Then, as shown 1n FIG. 14, a conductive material such as
polysilicon, TiN, or W was stacked on second silicon layer 18
to form contact plugs 21. Furthermore, bit line 35 was formed
so as to be electrically connected to predetermined contact
plug 21. Thereafter, capacitors were formed so as to be elec-
trically connected to contact plugs 21 not connected to bit line
35. Thus, the semiconductor device shown 1n FIGS. 2A and
2B was formed. The semiconductor device functions as a
DRAM (Dynamic Random Access Memory).

In the present exemplary embodiment, two silicon layers
are formed by the selective epitaxial growth method. How-
ever, three or more silicon layers may be formed. In this case,
the silicon layers other than the first and second silicon layers
may or may not be in direct contact with the sidewall.

It 1s apparent that the present invention 1s not limited to the
above embodiments, but may be modified and changed with-
out departing from the scope and spirit of the mvention.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor substrate;

a first impurity diffusion region provided 1n the semicon-
ductor substrate;

a second impurity diffusion region provided in the semi-
conductor substrate and adjacent to the first impurity
diffusion region;

a first contact plug including a first epitaxial layer and a
second epitaxial layer provided on the first impurity
diffusion region in this order, where the second epitaxial
layer 1includes a bottom surface area and a top surface
area that 1s smaller than the bottom surface area,

a second contact plug including a third epitaxial layer and
a fourth epitaxial layer provided on the second impurity
diffusion region 1n this order and adjacent to the first
contact plug, where the fourth epitaxial layer includes a
bottom surface area and a top surface area that 1s smaller
than the bottom surface area, so that the first and second
epitaxial layers are provided adjacent to the third and
fourth epitaxial layers without any intervening conduc-
tive layer.

2. The semiconductor device according to claim 1, wherein
the semiconductor substrate 1s a silicon semiconductor sub-
strate, and the first epitaxial layer 1s a first silicon epitaxial
layer, and the second epitaxial layer 1s a second silicon epi-
taxial layer.

3. The semiconductor device according to claim 1, wherein

the first and second impurity diffusion regions are arranged
in a first direction;

wherein the semiconductor device comprises:

at least two impurity diffusion regions as a source and drain
regions arranged 1n a second direction different from the
first direction;

a stack structure including a gate insulating film, a gate
clectrode, and a third insulating layer stacked in this
order on the semiconductor substrate sandwiched
between the two impurity diffusion regions; and a first
stdewall formed on side surfaces of the gate electrode.

4. The semiconductor device according to claim 3, further
comprising;

a capacitor electrically connected to the first contact plug

provided on one of the source and drain regions; and
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a bit line electrically connected to a third contact plug
provided on the other of the source and drain regions,
wherein the bit line, the gate electrode and the capacitor are

arranged 1n that order 1n the second direction,
wherein the semiconductor device comprises a memory

cell for a DRAM (Dynamic Random Access Memory)

including the capacitor.

5. The semiconductor device according to claim 3, the
semiconductor device further comprising a second sidewall
provided between the first sidewall and the second epitaxial
layer 1n the second direction.

6. The semiconductor device according to claim 5, wherein
cach of the first and second sidewalls comprises a silicon
nitride film.

7. A semiconductor device comprising:

a semiconductor substrate:

a diffusion layer formed in the semiconductor substrate;

a first epitaxial layer formed on the diffusion layer, the first
epitaxial layer comprising a first bottom surface in con-
tact with the diffusion layer and a first top surface which
has a smaller area than the first bottom surface;

a second epitaxial layer formed on the first epitaxial layer,
the second epitaxial layer comprising a second bottom
surface which has a larger area than the first top surface
and which 1s 1n contact with the first top surface, and a
second top surface which has a smaller area than the
second bottom surface; and

a contact plug on the second epitaxial layer, the contact
plug being in contact with the second top surface of the
second epitaxial layer.

8. The semiconductor device according to claim 7, turther
comprising {irst and second gate electrodes, wherein the first
and second epitaxial layers are sandwiched between the first
and second electrodes.

9. The semiconductor device according to claim 8, further
comprising a capacitor formed on the contact plug.

10. The semiconductor device according to claim 9,

wherein the diffusion layer 1s a first diffusion layer and the
contact plug 1s a first contact plug, and

the semiconductor device further comprises:

a second diffusion layer formed 1n the semiconductor
substrate;

a third epitaxial layer formed on the second diffusion
layer, the third epitaxial layer comprising a third bot-
tom surface 1n contact with the second diffusion layer
and a third top surface which has a smaller area than
the third bottom surface;

a fourth epitaxial layer formed on the third epitaxial
layer, the fourth epitaxial layer comprising a fourth
bottom surface which has a larger area than the third
top surface and which 1s 1n contact with the third top
surface, and a fourth top surface which has a smaller
area than the fourth bottom surface;

a second contact plug formed on the fourth epitaxial
layer, the second contact plug being 1n contact with
the fourth top surface of the fourth epitaxial layer; and
a bit line formed on the second contact plug.

11. A semiconductor device comprising:

a semiconductor substrate;

a first gate electrode provided on a semiconductor substrate
and extending 1n a direction;

a second gate electrode provided on the semiconductor
substrate and extending in the direction;

a first contact plug provided on the semiconductor sub-
strate and between the first and
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second gate electrodes, the contact plug comprising a first
epitaxial layer, a second epitaxial layer formed on the
first epitaxial layer; and

a second contact plug provided on the semiconductor sub-
strate and between the first and

second gate electrodes, the second contact plug being
placed adjacent to the first contact plug and comprising
the first epitaxial layer, the second epitaxial layer formed
on the first epitaxial layer,

the first epitaxial layer of the first contact plug including a
first side surface facing to the first gate electrode;

the first and second epitaxial layers of the first contact plug
including a second side surface facing to a side surface
of the first and second epitaxial layers of the second
contact plug;

wherein the second epitaxial layer 1n each of the first and
second contact plugs includes a first bottom surface and
the first epitaxial layer 1n each of the first and second

contact plugs includes a first top surface, and wherein
the first bottom surface has an area larger than an area of
the first top surtace;

the second side surface of the first epitaxial layer having an
upper end; and

the second side surface of the second epitaxial layer of the
first contact plug projecting from the upper end of the
second side surface of the first epitaxial layer toward the
second contact plug so that a step 1s provided between
the second side surfaces of the first and second epitaxial
layers.

12. The semiconductor device as claimed in claim 11,

turther comprising:
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an 1solation region on the semiconductor substrate and
provided between the first and second contact plugs, the
second side surface of the first epitaxial layer having a
lower end provided on the 1solation region.

13. The semiconductor device as claimed in claim 11,
wherein none of a gate electrode 1s provided between the first
and second contact plugs.

14. The semiconductor device as claimed in claim 11,
wherein the second epitaxial layer 1n each of the first and
second contact plugs includes a second top surface having an
area smaller than the area of the first bottom surface.

15. The semiconductor device as claimed in claim 14,
wherein the first epitaxial layer includes a second bottom
surface having an area larger than the area of the first top
surface.

16. The semiconductor device as claimed in claim 11,
turther comprising:

an msulating film covering the second side surface of the

first epitaxial layer so that the second side surface of the
second epitaxial layer 1s free from being covered with
the insulating film.

17. The semiconductor device as claimed 1n claim 1, fur-
ther comprising;:

a first insulating layer covering the first to fourth epitaxial

layers; and

a second insulating layer provided between the first insu-
lating layer and the first epitaxial layer, and provided
between the first insulating layer and the third epitaxial
layer, so that the second insulating layer 1s free from
being provided between the first insulating layer and the
second and fourth epitaxial layers.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

